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PROCEDE ET INSTALLATION DE FORAGE ET DE CHEMISAGE DUN 
PUTTS, NOTAMMENT D*UN PUTTS DE FORAGE PETROL IER, AU 
MOYEN DE TRONgONS TUBULAIRES ABOUTES INITIALEMENT 
SOUPLES, ET DURCIS IN SITU 

Laptealeinvottiao concern un proc&U pourforeretcbemiserunpuits, 
noummeni OB puits de forego p^trolicr, an wayca d'ua csaemble de troofoas tabulsire* 

- ou rxeTonnes - rimilaim, fahfalexnent soupies, antes k toe repliees l on g fudin ri nnnit 
sur dles-mtocs pour ctre tettodatet dm le puiti, puis a tot depiices mfalcmrnl •oca 

5 reflet d'une pftsston interne pour prendre one forme cytindrique. et enfin 4 tec 
rigttfifiees fajiBi p>* poiym6rinttefl de lew ptroi, IVooomUetnent transversal d'une 
preTonne reptiee leant de dimension maximak sensibtenent infeneure a son diamctre 
intone a rAatdepIi^et lesdites preTormes posseriant nae portion d'extremite* dool le 
dtamhre * tort* deplieaeAt • est legeremem superieur a celui de U preTorme, ce qui 
10 permet kurjooccoo toot-a-bout par embottemen^ avec lecouvrement de Indite portico 
d*exttteML 

Aiasi. en recourmat a ce type de preTorme, qui est connue en aoi 

- notammeat par le document WOA-94/21887 - il eat possible d'obteair un rrrtntwgr 
d *un (fiametre ooostarit sur tooteUkaigueurtoprits. 

15 A cet fgard, il connect de nppekr qe'svec des chero isages Xou tubages) 

CrsdiuooneU oonstitues par des cubes en ader. oo est oblig 6 d'utiliser des troocoos 
rubuuurestelescopiqucMdia^ 

des problemes dlimsilsrion et d'exptoiuuion du<rieurc du puiu. 

L'objecuT de ('invention est de proposer un pnocette* de forage et de 
20 chermsege du putts, k i*aide de preTonnes du type meauooad a-dessus, qui puisse toe 
mi> en oeuvre de maniere simple et rapide, a faible coOl 

Poor cela, et conform* meni a I Invention, oo commence par mettre eo 
plaoeunpreimef troooot^ducf^ 
tronoon cuuxt tournee vers lo has. 
25 Ura^cettaekorinventta 

a) on Tait passer axjalemenr. de haut en baa. k travels tedit tronoon, un 
ouul de forage, et on fore au-dessous et dans le prokugemeot de ce tronoon un trou de 
forme et dc prof oodcur adoptees pour recevoir le tronoon suivmnt ; 

b) on retire l*outade forage ; 

30 e) on iatroduit une preTorme. a rem replte. s I'inteneur du puts en b 

fsisant traverser le tronoon deja en p l a ce , et on la posrtionne coaverjablemcnt k Tmleneur 
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du trou, a portion dextremite* haute venant se placer a rinterieur dc U portion d'ex- 
trtmiie* elargtedutroopan ; 

d) oa introdwt ua dtnent fluide au food da trou, autour dc la portion 
d'corenu basse detapreYormc; 
5 e) oo introduit un fluide sous pressor de deest* supeneure a I* deuale' 

dudiniaUarintenewdeUpreTor^ 

bas co haul* en refoulant le omens, Igalement do bas en nam, autour de la preTorme, 
contreU paroi duUou; 

0 lout en niainicnant la preTorme sous preanon interne, oo en chaufle la 
10 pH^pourlapotymenscr; 

I) ledment ayant pro, et la preTorme ayant dutci poor constituer tm 
tronooo tubulairc rigide do chernisage, on retire axialemcnt lea outillages aysnt tervi an 
gonfla^eet aUpdymertaanu 

b) on rnttere ropeiaaon pour kf troncoos suivsnts, jusqu'a obteoir U 
15 longuenrdc puiUchenusd aotihaitrV. 

Lorsque, coaune ceia sera expbque* plus loin, la preTorme preseuie des 
reserves de resine aptes a migrer vers I'exteneur pour former des verroos annulaires 
d'fttirhfitf , 1ft pffri^^^rym ' <** venous est realise* au debut de I'empe f cS-dama. 

DenuniereparticuUeraD^ 
20 genre tre^apte a occoper select 

premier eat d'encombrement nunimai. M petmcttant do passer a rinterieur du trooyon 

dej* en place, uoeecoirfe*tat,d^ 

priiicipale*itrouettta 

parte du trou destinee a recevokU portion eTargie de la preTorme. 
25 Daiuuninoaedeit^ 

a la polymerisation de U preTorme, ainsi qu' a la distribution du ciroent, comprend une lete 

* double valve placee en pute 

nmde de yoiula^ a llaleriw 

L'installation de forage ct de cnemUage. qui fait egalement parte de la 
30 presents mvention,aerYM 

quelle coinprend; en t&ede puts: 

- une bobine de stodage et de reception, a Teal airouK. de ladite 

preTorme; 

- one tfte surpiombsnt reatrte du puiu, aptc » pcrmettre le guidagc et 
35 1 'mtroducnoo. dam le putts, de la preTorme et des cfifTefents oudUsges servant an forage 

du puts ninsi qtfau gonflage et a la polymensinono^Uprtforme; 
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- des bobiata de ttoefcage a Vttot eniod^ de tubes mdulliquef flutiqu©- 
,oer*deT«niaHesap^ 

de ess tubes contenint un dble servant a r alimentation de la prffonne ca courant 
etoctriqnc; 

- ittftetetetirdeeounttt flecoique. 

D'cutxes caiactenstiques et avantages dc rinvention appa/altront de la 
description et des detains annexes qui en reprfaentent, a simple titre d'excmples aon 
Umitatifi ua mode dcnascenoeuvTe prtf^re, ainsi que rinrtallaticti correipoodactr. 

Surcef deaaias: 

- lea figure* 1 a 4 tout des vues tcfaemanques, en ce«pe axiale, monbast 
tee difTeieotM Stapes de reflation de forage de la panic de puiti qui doit recevoirla 
prtfonne; 

- la figure 5 est una vue acfaematique d'lmepctYorrocctdcrootillagedoct 
die cat solidaire, avaal miae en place, daas le pcifci ; 

. lea figures 6 at 7 scut des vuea particles de I'extrainitd baaaa de la 
prfforme, destinees a Olustfer le prindpe de U double val v e dont eat pounrue U ittc 
dVwuJlans; 

-Iesfttfw8el5illuitrejKl* 
j^ocmeaaboutd'imuoo^dejaeopboe; 

- la fifuie 16 represente acfaemaoqueaieat. ea coupe axiale, ua puits 
chemise par uoit trea^oMcovdmaboiiles; 

• la figure 17 est une vuc scfaemadqoe aaonttaal to flfTerenta aaatendi 

cc^tutifadelUnstalla^ 

-let figures 18a30- a ecbelle plus petiie - fflustrent k fcairt io ^^ 
I'tnstallaJion eu oouis des <Mrereat«^>pc4ducbesni*«^ 

U figure 1 represents rextrfmite basse d\in puils vertical en court de 
forage* decAesMsaa^Ci^^ 
laacesousformcd'untebecyU^^ 
20e?argic. 

IxdjametreD decern partie 20 est ^gimncnl pios grxnd cpo k dian>fctrc 
d deUparticpfindpale^ « Ken c^ll est passible d'emboto 
trcocoos 2, awreoouvraneoi des parties d'extrtcate 2a 

Le trencon de chetnisage 2 est seeUe* dans U|aats par uncioientpenp^- 

que20Q. 

Nous aliens n>aiatcaant decriie de quelle macietcvaetns mis en place, k 
raide du proceVJe* de riaveotioa, le tronoon sutvaot. detune* aetre aboutiaatraoccqZ 
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Pour ceU. comae iltustrt aux figures 1 i 4, oa commence par forerun 
trou destine a recevoirce troncon. 

A cet e/Tet on utilise un outil de forage I, du genre trepan, qui a U 
particularite* de pouvoir ttre rftracte' on dilate* radialcmecu dam trou *t*Js d'encora- 
5 brctnent differeals. 

Dnt un premier tot, illustrf a la figure 1* 1'outil est tttraca* an maximum 
de idle maiuere que sa plus grande dimension transversale autorise aoo litre passage a 
llntetieur du tronooo 2, ajdal eo i enf a ttaven cdoi-Q- 

Dwioetetat,eonencoeabreme«e« 
10 De mamere ooesoe, Voa&i de focage 1 est fixe* a l'adxeinitg (Tune tige 

tubriaixe 10, qui porle le meteor d'eatrafaement ( non rejitaente") de I'outil en rotation, et 
lea orgaacs atsuaat ton de^c»4ani^ou«aatitr»ctk«rad^ 

Comme oa le verra plus loin, la tige 10 est mocJ£e a rcctremifif d'sa tube 
mtfulliquc apte a tee enroul< sur un tambour recepteur dispose* en surface, en ttHe de 
IS pnits. 

Dona un sccood e^at de deptoiemcnt i*Ial, Ulustre* a la figure X U partie 
oonpante 12 de Toutil potsede un diamine <k travmil eetisifatesieategal aD. 

L'outil ayant ft* deacrtriu axtilrtnent dans le puits, a trams le ttbage 2 
<Uja en place, on provoquc ce defloiement radial au dSameire D tarsqu'il est arm* a 
20 i'iweriwdekpcsti» 

vmtsadesct^cocinieiHustrfpa^ 1. 

Oil rtalise ainsi k forage d^ tm 
titaseoti2,dattskpeotoiym 

La profoodenr de forage correspond a la longueur du troocoo que 1 'on 
25 souhatte raettre en place. 

L'outil l posaede des orguoa de coupe addinoonels 1 1 qui peuvent etre 
depicts nrfalemeota un diamfcre supfcieur a D, alio de pouvoir reccroir la portion 
cHargk do traapoo a. reettra en place. 

Conine illustrf a la figure 3, par ranontee de l'outil sekm Pj . on realise 
30 ainsiimelargissesnentdutiw 

A la figure4ona design* par UieYereoce30UparcidcUpartk 
0^tro«3.parUreTerence31Upaiwden 

basse du trt* dont k diametre D est ietneroquecduideUpartieSa 
Upntfonne4rcpreaeiitee sd>^ 
35 gene^qwcailede^efl 
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Neartmoins, eJte eit depourvue dans n panic basse d'un ccpae cfctuxaieur 
gocJUble, du fiit qu'on a affaire a on trou borgne ; de pros, U preTormc 4 possede one 
portion d Vxtrcnuta* basso 40 da section elargie. 

La preTorme 4 cat supportee par une tige cnbulaire 5 en acaer. enroolable 
5 aur HO tambour de atockmge situe* en surface, el qui peimet de la faire descendre i 
rintcYicor du puits, et de hii fournir les fltddes de dmemation et de gonflage, einsi que 
reaergte dectriquc pour la polymerisation de la preTorme, par rintennidiairft d'un 
diapcaitif<teracoordcMatflt5nO^ 
UpctTcwi^etaeraconrdaBteapa 
10 Ce type detiaed'ackrenroolabte eat cc«raniinmde»|fteedaaikraAier 

pax le ttrme anglais *CCI LED TUBING** - en abrege* -CT." 

Cornme cdaest decrtt dsns la WO-A-94/21887 deja dte\ U preTorme est 
obcurfe a tea extrteitca haute et basse, de miniere etancne, par da manchom arraduv 
Uot ettou dfeoupafaies eo Tin dVjperanou. 
15 La tete dutfributrice 51 possede use double valve 52, 53, a rt i o n n aM e 

s6ecnvenftent(depuis la surface). 

Comme iliustre* aux figures 6 et 7, la valve 52 permet de distribuer no 
~\ Huidede spoilage al'ii^ 

distrtTucrundnttttfiu^ 
20 Comme IDustrf a U figure S, U preTorme 4- qui se trouve imtialfmenx a 

V6m racfiaJemenr rtotil - est dcscenduc dans Ic trou 3 axiatonent, du hint vers to bis, k 
travels Ic tronoon de chcaais ay 2dcja eo place 

Bknaucrxfii, pour que ced soft posri 
bnauenttimasversaldeUr^o 
25 deplic^o^cw i e sj X M dicda 

LcvsqueU preTorme est ftfrfiee 
"IT ou ea forme d'escargot - comme iilustri par example am figures 6A et 6B, 
re«pectiv«ncnt du document WOA-94/25655 ; kjrsqu'cUc est depliee eUc present* une 

30 UpreYonoe4cst|X)stticfliiee 

d'extremitd plus large 40 se trouve an regard de J'elargissemcnt de pulls 31 ; k longueur 
du trou 3 eat determine pour que, dans cette position, k portion super ieurc de la 
preTorme seajouvc en itgaidfc^ 

On precede alors k Injection d 'line dose fedinentUquide6ahbBXdek 
35 p reforme. via la valve S3 (fleches J, figure 9). 

Le ciment est cboisi pour avoir uoe density voisine - voire Ugerement 
fupeneure - de celle de la boue Hquide 7 se trouvant dans lepuits. 
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L'anivec de cimema b base de U preTonne chasse done ceticboue vers le 

Comrae illustre' a It figure 10, on precede ercuite au gonflage de la 
preTonne. en injectaat un fluide sous pression k I 'inieneur de celle-cJ, via la valve 52 
5 (flechesl). 

Q s'agit soat d*ua Uquide introduit de 1'exterieur (depuis la t£te de puits) 
r^lecrafcfr 5 dsns U preTonne 
pdts et pompe* dans la preTorrae. 

Le liquids de ganflaje est avanta^ciaeewtdMJW pow avoir uxwdeaiitf 
10 le*gereraemsur*rietirc^ 

gonflage va ee fine p rogressivemcat du has yen le haut, comtae symbolise* par lea 
AecnesGatefignreia 

A deTsvt, la progreasoo du gonflage du bas vers le haul peul eue controlee 
en prevoyant, le long de la preTonne, une sine de bagucs de contention f tangibles, dent 
15 le seuil de rupture est adapts & oc sens de progression. 

Le riment est par cooaequent ref ouM e*galeroeat de bas ea haut centre la 
paroi du puits, corome symbolist par la Heche H. taodb que la boue 7 se trouve chassee 
vers le bout 

^j/ De preference le volume de ciment penphetique n'est pas suOisant pour 

20 attelndre la partu? haute deUprtf liaison saasdmest dsns 

la none de jonction cntre let portioos d'extnftnite* des deux &oocons 2 et 4 (voir figure 
II). 

I>pce7ereDC«,larrforme4|»tsede 
rhsud, prise en sandwich catre une peau intetieure et use peao exterieure elaitKrues, et 
25 munie, cote* inteneur, d'une reserve conienant dc la rfrine apte a migrer vc» 1'cxteiiew 
pour former des bourrckts annulsires favorisaat 1'aacrage et I'asncaeite'du tubege centre 
la paroi do puits. 

Une preTonne de ee genre est decrite daw Udemandede brey«t fimcab 
9406691 deposeele 7 juilkt 1994 par la denundcrease, et dans son extension interna- 
30 tkaudeFCT/FR 95/00902. 

Ces verroBs annulare*, repards lout le long deUpreTornw scat retereoces 
9 ; de preference U eat prevu une densitd plus grande de venous (e'est-a-dire un 
eearleaentptotaibte 

maniere a assurer une bonne dumcnelte* dans U liaison bouva-bout des different* 
35 trcnoons. 

Le chauiTage et U porymeiisatioo de U preTonne rant realises une fois le 
gonflage termind. la pression de gonflage rtsnt inaintenne a rinterieurdc la fatTonnc, 
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A litre iodkatif, U presto interne eat de Tordic de 15 tan. 

Le chsuflage de la preTonne pcut le faire eoit ea introduisant uo fluide 
dut^lil'int^eurdfiUprtfonne^foitparr^ctioa cHnwpe exotberniique, soil encore - 
de preTlrence • par effet Joule, an movea de resistances clcctriques (fill chau/Tanta) 
5 dispc*ee*daiisUpaic4deUprtf 

eTectrique depuis la tern de pui ts, via la tige - "CoUed Tubing" -5 

AtitreiiKficatif.Utettipeiia^ 
de 1 K> a 140* C, el U dure© da cctte cape est de r ordredettxitiaithemo, 

Lorsque la pcJynierisation des venous 9 at de la parol de preTonne at 
10 tenninee. c* que le ciaeat 6 a fait ea prise (figure 12). on retire 1'ootillage 500. SO, 51 
(llccteK. figure 13). 

On inatalle alora un outil de coupe (501) a rextrfmite* da tube 5, et on 
decoape le mancboo d*6Uacb&ti de t 'extremite* haute de la preTocme (polymeriafe) 4* 
(figure 14), qu'on arrache ensuite. On opcre de la mcme maniere poor le mencnon 
15 infeneur. 

On obdent alora uo ton$on de cbrausage rig 
meat le wbage precedent 2 (voir figure 15). 
^ L'optoifon qui vient d'etre decrite est bieo sor rdteree, tronoon epres 

trcocc«,afmd\>btetttrUr4^^ 
20 Dms un mode de realinrioo possible dc U preTorme, ceUc-ci a uoe Imc 

compose* a 30% de loine epoxy et a 70% de fibre* de verre, ceoe Ime avert one 
epeisteur de rocdre de 14mm ; lee pcaux iotcricure et exterienre, ea caooichooc 
symhc'tiqoe, oot rtspecdveroent wnr foiwrur de 2mm etdc 6mm environ. 

A titre indicattf, la portion prindpale de n preTonne 4 posscde, ej'e*tac 
25 deplie\undiamtoitt^ 

184mm, tandia que la portion Margie 40 poseede un diamfctre intcneur de J'ordre de 
188mm et un diametrc cxtetieur de Vofdre de 236mm. 

Lee portions 3f*32 et 31 du pultti out dee ffiametreefnoyenadercrtede 
197mm et de 144,1mm, itspecovemenL 
30 LnlonguevdesoitTelrentstro^ 

simple titre iadicatif, Ulongneurd'une preTorme peut toe de TordrB de 500rn. 

La figure 16 represent* un puts 9 chemise* par un ensemble de troia 
tn»coiu2A,2Bci2Caboute^efciaMtes. 

U figure 17 rer*t1seniescher^ 
35 qurjenoetdeinemecsicseuvrekproce^ 

Sur cctte figure, Uttodepufore^^ d^ttne structure 

meuJlique (cbftssis) lOOentoursntUttedepuits. 
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Cede structure 100 pone in iojecteur 101 pourvu d'un sabot d'sppui 102, 
ct servmni a supporter ei a poosser ks difteeoti mtditids iorsqu'ils $ocl desctodus daos 
le puis ou retires de cetui-d ; die se trouvea rsplomb de l'eotrfc du puits. 

On a designe* par la reference 54 un tirobour de stockade sur lequel est 
S enroul6etopffforn»;ete 

La reference 540 den gne un sabot de support etdeguid^edeUprtfonae 
iPentrfe du puits. 

references 56 et 57 dengnentdes timbcwa w lesqueU eotrt auoujef 
etstoctorespectivanecs^ 
10 Le tube 560 sort a supporter ci a depl acts l'outi] do forage ; Ie tube 5 

(cottmc deja <fif) sort I supporter la prtTonne, I amener lea flukJe* de gonflage et de 
dinentatknaUprtfcfB^^ 
potyine^fisa tt op)- 

Lflectridk! est rouroie par ua generateur flectrique 58. 
15 La rtfereoce 59 dengue ime cabine de coetroto de 1 'operation, 

De muuere classique, Tentite du putts k forer est initialement game d'un 

cuvdage 550. 

Le trepan 1 est adapte* k Vcxirtnili du tube 560, lequel est deronld du 
iwnbocrrtoeptOT 56, support 

20 (voir figure 16% 

On fxocede alon au forage du trou. de fc*mee^igee3 # de«tin4iieoevoir 
le premier ttonoon (figure 19). 

Apres raise en place de la preYoone, ciiaefltBfi«ctm2sfiaiir^eleafin 
pnlymAiMtico in ntu de oefle^i. via an conducteur acctriquc5a0ncHdaq g^ntfeur^ 
25 cnietirek conduit central (50^ 

54 (vide) sur laqueUe elait ittiualemenl stockee U prtfonoe (figure 20). 
UprtToraesctnxrveabou^ 

On deTait ensulle las connexions aydraulique et electrique avec la 
preYonne, on inataUe et on sccUe de maniere euuche autour de U tete da puts un 
30 *?pemBagedese^te^ 

A l'aide de t'outU de coupe 501, port* par le tube 5. on decoupe lea 
mancnons d'et»che1te bant et bas (figure 22). 

U&Mpc luivmntooocBistcSforCTUeecUoo tuivai^, rxxir otaalr t» trou 
€tag6 3 pcokngeant le trencoo 2 (fi gun 23). 
35 EasuitesoootibreksdUraetm 

du nou 3. a Kside d'un toiirueocnt approprie* 1000 (figure 24). 

On met en place une nouvdk preTorme (figure 2$). 
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On la fait deaoendie dans le puto, et on la poritioone con venablcmeiu dans 
le trou 3 . On la connect* mi tube 5, el on precede mi gonfU^aUdmatfatian. eUla 
potymtniaiioo (figure 26*). 

On retire le conduit central 5% qu'os remonte et qu'oa cnroule tur le 
tambour recepteurM (flaw 27 et28). 

Ob suspend |*ouoi de coupe 501 au tabe 5. el c«le descend pour deoouper 
les manchons d 'extrfmite* (figure 29). 

On obticat atari deux troncont ripdeaaboiUe«2A.2B (figure 30). 
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1. Proc&tt pour fortr ct chcmiscr un putts, notamment un puits de forage 
peirolier, au moyca d'un ensemble de transom tubulaires - on preTormes - tuniUim, 
tmtialexneut couples, aptes & fctre repiiece lougitudinalement sur elles*memes pour toe 
introduilea dans le puis, pub a etre deplieca ndialcocat sous reflet d'noe prccsioa 
interne pout prendre ttne forme cvtindrkmc, et enfin a toe riridifices in situ par pclymcn- 
cation de leur parol, reacoabmnent transversal d'une prdfonne reptiee dtani de 
dinensiou nuodinaSe se oribtemeni isferieure a too duunetrc interne a l'eltat deptid, ct 
leadte* pftTonnes (4) pottedaat m poitioa d'extrtettf (40) doot k diainetre - epres 
deptiemem • est le^ayesoent supericur a eclui du lesie de la preTonne, oe qui prunr I lew 
Jonction bout-a bout par embottement avec recouvremenl de ladite portion d'exrtmitf 
(4ty, caracterisd par te fait que, on premier troocon (2) ayant e*ut mb en place du cot* de 
('entree do putts* sapoctkn d'extremite* aargie (40) tournfe vm le bas, 

a) on fait passer axialement, de hurt ea bus a (ravers ledit troocon (2) p un 
outiJ de forage ( 1), ct on fore au-des*ou* et dans 1 e proiongexnent de oe troocon (2) un 
trou P) de forme et de profoodeur ■dipttcs pour rcccvoir le troocon tuivim ; 

b) on retire Touti) de forage ( I) ; 

c) on introduit une preTonne (4), 1 t*dtat replie, a 1'inteneur du putts en la 
faiaant traverser le troocon (2) deja en place, et on la positionne ooaveoablement a 
Ilntencur du trou (3), am portion d'extremite* haute venant se placer a rinterieur de la 
portion d'exti^miaf elarpe (40) du troncoo (2) ; 

d) on introduit un anient fluide (61 au fond du trou (3). anlour de la 
portion d'ejtiremit* basse de la preTonne ; 

e) on introduit un Duide sous pressioo (8). de denote* aupeneure a la 
dentil* du draent (6), a rinterieur de la preTormo (4) aTm de la deplier radialcment, 
progrecciveinentdebesenhaut,en 

de la pre/onae, centre la parol du trou (3); 

0 tout en nutatenant la preTonne sous pressioo interne, on en caaufle la 
parol pour UporyrneVtcer ; 

g) le cisneni ayant pris, et la preTonne ayant dura pour coustt'tuer un 
troocon hibulauu rigjde de cnenusage(4') > on retire aadaleaaent lea ontillaggaaysntaervi 
au gonllage et a la polymeraflBtion 

b) on reltere l'operatiou pour lea troocons suivants, jusnu'a cbtenir la 
longueur de puitt chemise* souhaitcc 

2. fVoc4de*aelon rcvendtcation 1, caractense* par le fait qu'on utilise un 
outil de forage (I) du genre trepan, ante a ooa^9&&mut*1ni*4MM&caBlnctito 



\ 
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ndiale. a avoir on premier 6at d'enoombcement mioimal. lul penacttant de paaeer a 
rinlcneur du troaeoa (2) deja en place, ua rccoad tot, d'cscombctmeiit iiitennddiaire, 
pour Je forage de la partie priactpaJe (30) du trou (3) et ua troieiemc etat, d'encotnbecmeat 
maximal, pour le forage de 1b partie (31) du irou (3) deatiaee a recevoirla portkn elargie 
5 deUpreTonae(4). 

3 . Aroolde* aeJoa I* mvcndicatioo 1 cat 2, caractenae' par la fait qua kdit 
outillage oomprrad uae Ite (51) a double valre (52, 53) ptacec en partie bane de la 
pgeYqro(4) > rtaptei(BatribMy 

10 4 . lmtalUdoo de forage et de caemiaage, deitioec a U miae ea oeuvrc du 

proceVtt adon 1'une dea levrndkarioni 1 43, caxactenseepar le fait qu'dle cocnpctod.ee 
. t&eduptiu: 

• one bobiae (54) de atodoge et de reception, a lYtat earoule\ de ladite 

preTorrae(4); 

15 - uae teie (101) surplorabaat I'eauee (55) du puits, apte a penaenre le 

guidage et riourxhictiofi dans le puttg de la prtTorae (4) et dea diffeVeats outiUage* 
aovaat ao forage du puiti aiaai qu'au gonflage etal* pd ymerisation de la prtTonne ; 

- dea bobiae* (56, 57) de atccfage a Teaat enroule* de tubea metalliquea 
claioqttentcntdeTormabta (560, 5) aptei k fare deaceodrc el ranonter teadlts omaTlagea 
20 daaa le puits, t'ua (5) de cee tubea coe tenant ua cable aerraat a raliraenQuioa de la 
preTbrroe eo counuzt electnquG j 

-angeaerate« , decoujante1ecthq^(59). 
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FIG. 16 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 

57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already In place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU. 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms — that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
whicli — after unfolding— is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 

Thus, by using this type of preform, which is known, particularly through 
document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

To accomplish this, and according to the invention, a first section is put in place 
at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 
of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 
the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

Other characteristics and advantages of the invention will appear from the 
description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 

In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
Various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

- figures 8 to 15 illustrate the different steps to install a preform at the end of a 
section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 

We shall now describe how the next section, intended to abut the section 2, will 
be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 

In a first condition, illustrated in figure 1, the tool is fully retracted so that its 
largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 

When the tool has been axially lowered into the well through the casing 2 already 
in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow Ft in figure 1. 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 11 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place; 

As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 
enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 
reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 
diameter D of which is the same as that of 30. 

The preform 4, represented diagrarnmatically in figure 5, is of the same general 
type described in detail in WO-A-94/2 1 887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 

Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 
sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 

As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 
distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 

A dose of liquid cement 6 is then injected at the base of the preform through the 
valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resiri wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1 994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 
The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 

A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 
sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

The operation that has just been described is of course repeated, section after 
section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the interna] and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 

By way of example, the main portion of the preform 4 has, when unfolded, an 
inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 1 88 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
'-. and 244.5 mm, respectively. 

The length of the different sections can obviously vary greatly; by way of 
example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 
and 2C, abutted and cemented. ' 

Figure 17 diagrammatically represents a well head installation that allows the 
process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 1 00 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well 

The reference 54 designates a storage drum on which the preform is coiled; it is 
5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 
entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 
extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
5 connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 
sleeves (figure 29). 

10 Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections — or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding — is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 
that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 
end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
thewallofthehole(3); 

f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 
the lined well is obtained. 
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2. Process according to claim I, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (3 1) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
15 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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